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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to semicon- 
ductor electrically erasable programmable read only 
memories (EEprom), and specifically to circuits and 
techniques for reading and programming their state. 
[0002] EEprom and electrically programmable read 
only memory (Eprom) are typically used in digital circuits 
for non-volatile storage of data or program. They can be 
erased and have new data written or "programmed" into 
their memory cells. 

[0003] An Eprom utilizes a floating (unconnected) 
conductive gate, in a field effect transistor structure, po- 
sitioned over but insulated from a channel region in a 
semiconductor substrate, between source and drain re- 
gions. A control gate is then provided over the floating 
gate, but also insulated therefrom. The threshold volt- 
age characteristic of the transistor is controlled by the 
amount of charge that is retained on the floating gate. 
That is, the minimum amount of voltage (threshold) that 
must be applied to the control gate before the transistor 
is turned "on" to permit conduction between its source 
and drain regions is controlled by the level of charge on 
the floating gate. 

[0004] The floating gate can hold a range of charge 
and therefore an Eprom memory cell can be pro- 
grammed to any threshold level within a threshold win- 
dow. The size of the threshold window, delimited by the 
minimum and maximum threshold levels of the device, 
depends on the device's characteristics, operating con- 
ditions and history. Each distinct threshold level within 
the window may, in principle, be used to designate a def- 
inite memory state of the cell. 

[0005] For Eprom memory, the transistor serving as a 
memory cell is programmed to one of two states by ac- 
celerating electrons from the substrate channel region, 
through a thin gate dielectric and onto the floating gate. 
The memory states are erasable by removing the 
charge on the floating gate by ultra-violet radiation. 
[0006] An electrically erasable and programmable 
read only memory (EEprom) has a similar structure but 
additionally provides a mechanism for removing charge 
from its floating gate upon application of proper voltag- 
es. An array of such EEprom cells is referred to as a 
"Flash" EEprom array when an entire array of cells, or 
significant group of cells of the array, is erased simulta- 
neously (i.e., in a flash). Once erased, a cell can then 
be reprogrammed. 

[0007] A specific, single cell in a two-dimensional ar- 
ray of Eprom, EEprom cells is addressed for reading by 
application of a source-drain voltage to source and drain 
lines in a column containing the cell being addressed, 
and application of a control gate voltage to a word line 
connected to the control gates in a row containing the 
cell being addressed. 

[0008] An addressed memory cell transistor's state is 



read by placing an operating voltage across its source 
and drain and on its control gate, and then detecting the 
level of current flowing between the source and drain. 
The level of current is proportional to the threshold level 

5 of the transistor, which in turn is determined by the 
amount of charge on its floating gate. 
[0009] In the usual two-state EEprom cell, one break- 
point threshold level is established so as to partition the 
threshold window into two regions. The source/drain 

10 current is compared with the breakpoint threshold level 
that was used when the cell was programmed. If the cur- 
rent read is higher than that of the threshold, the cell is 
determined to be in a "zero" state, while if the current is 
less than that of the threshold, the cell is determined to 

15 be in the other state. Thus, such a two-state cell stores 
one bit of digital information. Acurrent source which may 
be externally programmable is often provided as part of 
a memory system to generate the breakpoint threshold 
current. 

20 [0010] Thus, for a multi-state EEprom memory cell, 
each cell stores two or more bits of data. The information 
that a given EEprom array can store is thus increased 
by the multiple of number of states that each cell can 
store. 

25 [0011] Accordingly, it is a primary object of the present 
invention to provide a system of EEprom memory cells 
wherein the cells can be utilized to store more than one 
bit of data. 

[0012] It is also an object of the invention to provide 
30 read circuits which are simpler, easier to manufacture 
and have improved accuracy and reliability over an ex- 
tended period of use. 

[0013] It is also an object of the present invention to 
provide improved program circuits as part of an Eprom 

35 or EEprom integrated circuit memory chip. 

[0014] It is also an object of the invention to provide 
program circuits which are simpler, easier to manufac- 
ture and have improved accuracy and reliability over an 
extended period of use. 

40 [0015] It is yet another object of the present invention 
to provide Flash EEprom semiconductor chips that can 
replace magnetic disk storage devices in computer sys- 
tems. 

[0016] Further, it is an object of the present invention 
45 to provide a Flash EEprom structure capable of an in- 
creased lifetime as measured by the number of pro- 
gram/read cycles that the memory can endure. 

SUMMARY OF THE INVENTION 

50 

[0017] These objects are accomplished the invention 
as defined in claims 1 and 19. 

[0018] In one embodiment, the read operation directly 
uses the threshold levels in the local reference cells pre- 
55 viously copied from the master reference cells. In an- 
other embodiment, the read operation indirectly uses 
the threshold levels in the local reference cells even 
though the reading is done relative to the master refer- 
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ence cells. It does this by first reading the local reference 
cells relative to the master reference cells. The differ- 
ences detected are used to offset subsequent regular 
readings of memory cells relative to the master refer- 
ence cells so that the biased readings are effectively rel- 
ative to the local reference cells. 
[0019] In one embodiment, the current flowing 
through a cell being read is compared one-by-one with 
each of the threshold current levels of the reference 
cells. 

[0020] In another embodiment, the current flowing 
through a cell to be read is compared simultaneously 
with that of the set of reference cells. A special current 
mirror configuration reproduces the current to be read 
without degrading its signal, into multiple branches, one 
for each threshold current comparison. 
[0021] According to another embodiment of the 
present invention, the program and verify operations are 
performed on a chunk (i.e. several bytes) of addressed 
cells at a time. Furthermore, the verify operation is per- 
formed by circuits on the EEprom chip. This avoids de- 
lays in shipping data off chip serially for verification in 
between each programming step. 
[0022] According to another embodiment of the 
present invention, where a programmed state is ob- 
tained by repetitive steps of programming and verifying 
from the "erased" state, a circuit verifies the pro- 
grammed state after each programming step with the 
intended state and selectively inhibits further program- 
ming of any cells in the chunk that have been verified to 
have been programmed correctly. This enables efficient 
parallel programming of a chunk of data in a multi-state 
implementation. 

[0023] According to another embodiment of the 
present invention, where a chunk of EEprom cells are 
addressed to be erased in parallel, an erased state is 
obtained by repetitive steps of erasing and verifying 
from the existing state to the "erased" state, a circuit ver- 
ifies the erased state after each erasing step with the 
"erased" state and selectively inhibits further erasing of 
any cells in the chunk that have been verified to have 
been erased correctly. This prevents over-erasing which 
is stressful to the device and enables efficient parallel 
erasing of a group of cells. 

[0024] According to another embodiment of the 
present invention, after a group of cells have been 
erased to the "erased" state, the cells are re-pro- 
grammed to the state adjacent the "erased" state. This 
ensures that each erased cell starts from a well defined 
state, and also allows each cell to undergo similar pro- 
gram/erase stress. 

[0025] According to another embodiment of the 
present invention, the voltages supplied to the control 
gates of the EEprom cells are variable over a wide range 
and independent of the voltage supplied to the read cir- 
cuits. This allows accurate program/erase margining as 
well as use in testing and diagnostics. 
[0026] The subject matter herein is a further develop- 



ment of the EEprom array read techniques described in 
US 5,095,344. 

[0027] US 4 460 982 (Gee et al.) discloses a program- 
ming system operating in parallel on 8 bits of addressed 

5 cells. Before a write operation, all 8 bits of addressed 
cells are erased. Then a byte of data is programmed into 
the 8 cells. Those cells among the 8 addressed cells 
designated to be programmed to the "programmed" 
state will simultaneously be subject to programming 

10 pulses until they are all verified to be programmed. 

[0028] IEEE JOURNAL OF SOLID-STATE CIR- 
CUITS, vol. SC-22, n° 4, June 1987, New York, USA, 
pages 548-552, MASUOKA et al.: "A 256-kbit Flash 
EEPROM using Triple-Polysilicon Technology", disclos- 
es es a programming and erasing scheme for EEPROM. 
The erase operation applies an erase voltage to all 
erase gates in the array so that the array may be flass 
erased. A new sense amplifier uses a reference thresh- 
old level produced by appropriating pulling up the out- 

20 put, voltage of an unprogrammed reference cell. 

[0029] IEEE JOURNAL OF SOLID-STATE CIR- 
CUITS, vol. SC-22, n° 3, June 1987, New York, USA, 
pages 460-463, Bleiker et al.: "A Four-State EEPROM 
using Floating-Gate Memory Cells", discloses an EEP- 

25 ROM capable of storing more than two states per cell. 
Also disclosed are a programming and a reading circuit 
operating on one cell at a time. Programming pulses are 
applied successively to the cell and is turned off when 
the cell has reached the desired state. 

30 [0030] US 4, 691 298 (Fukuda et al.) discloses an 
EEPROM having a latch circuit functioning as a serial- 
to-parallel converter for converting serial signals from 
the outside. Write operation can be in a bit-by-bit mode 
or in high-speed modes when the converted parallel sig- 

35 nals are written to the memory 8x8-bit or 8x4-bit at a 
time. 

[0031 ] Additional objects, features and advantages of 
the present invention will be understood from the follow- 
ing description of its preferred embodiments, which de- 
40 scription should be taken in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



45 [0032] 

Figure 1 is across-sectional view of an EEprom de- 
vice integrated circuit structure that can be used to 
implement the various aspects of the present inven- 
50 tion; 

Figure 2 is a view of the structure of Figure 1 taken 
across section 2-2 thereof; 

Figure 3 is an equivalent circuit of a single EEprom 
cell of the type illustrated in Figures 1 and 2; 
55 Figure 4 shows an addressable array of EEprom 
cells; 

Figure 5 is a block diagram of an EEprom system 
in which the various aspects of the present inven- 
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tion are implemented; 

Figure 6 illustrates the partitioning of the threshold 
window of an EEprom cell which stores one bit of 
data; 

Figure 7 A illustrates the partitioning of the threshold 5 
window of an EEprom cell which stores two bits of 
data; 

Figure 7B illustrates the partitioning of the source- 
drain conduction current threshold window of the 
EEprom cell of figure 7A; 10 
Figures 8A and 8B are curves that illustrate the 
changes and characteristics of a typical E Eprom af- 
ter a period of use; 

Figure 9A illustrates read and program circuits for 
a master reference cell and an addressed memory 15 
cell according to an embodiment of the present in- 
vention; 

Figure 9B illustrates multi-state read circuits with 
reference cells according to an embodiment of the 
present invention; 20 
Figures 9C(1)-9C(8) illustrate the timing for multi- 
state read for the circuits of Figure 9B; 
Figure 9D illustrates one embodiment of a multi- 
state read circuit in which the memory state of an 
address cell is sensed relative to a set of reference 25 
current levels simultaneously; 
Figure 9E illustrates one embodiment of an IREF 
circuit shown in Figure 9D as an EEprom cell pro- 
grammed with a reference current; 
Figure 9F illustrates a preferred implementation of 30 
the embodiment in Figure 9D in which each IREF 
circuit is provided by a current source reproducing 
a reference current programmed in the EEprom 
cell; 

Figure 9G illustrates another embodiment of an 35 
IREF circuit shown in Figure 9D in which a refer- 
ence current is provided in each branch by the con- 
duction of a transistor of predetermined size; 
Figure 9H illustrates another embodiment of a multi- 
state read circuit in which the memory state of an 40 
address cell is sensed relative to a set of reference 
current levels simultaneously; 
Figure 91 illustrates yet another embodiment of a 
multi-state read circuit in which the memory state of 
an address cell is sensed relative to a set of refer- 45 
ence current levels simultaneously; 
Figure 1 0 illustrates a specific memory organization 
according to an embodiment of the present inven- 
tion; 

Figure 1 1 shows an algorithm for programming aset 50 
of local reference cells according to an embodiment 
of the present invention; 

Figure 1 2A shows one embodiment of a read circuit 
using local reference cells directly; 
Figure 12B shows a read algorithm for the embod- 55 
iment of Figure 12A; 

Figure 13A shows an alternative embodiment of a 
read circuit using local reference cells indirectly; 



Figure 13B is a programmable circuit for the biased 
reading of the master reference cells according the 
alternative embodiment; 

Figure 13C is a detail circuit diagram for the pro- 
grammable biasing circuit of Figure 13B; 
Figure 13D shows a read algorithm for the embod- 
iment of Figure 13A; 

Figure 14 illustrates the read/program data paths 
for a chunk of cells in parallel; 
Figure 15 shows an on chip program/verify algo- 
rithm according to the present invention; 
Figure 1 6 is a circuit diagram for the compare circuit 
according to the present invention; 
Figure 17 is a circuit diagram for the program circuit 
with inhibit according to the present invention; 
Table 1 and 2 list typical examples of operating volt- 
ages for the EEprom cell of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] There are many specific Eprom, EEprom sem- 
iconductor integrated circuit structures that can be uti- 
lized in making a memory array with which the various 
aspects of the present invention are advantageously im- 
plemented. 

"Split-Channel" EEprom Cell 

[0034] A preferred EEprom structure is generally illus- 
trated in the integrated circuit cross-sectional views of 
Figures 1 and 2. Describing this preferred structure 
briefly, two memory cells 1 1 and 1 3 are formed on a light- 
ly p-doped substrate 15. A heavily n-doped implanted 
region 1 7 between the cells 1 1 and 1 3 serves as a drain 
for the cell 11 and a source for the cell 1 3. Similarly, an- 
other implanted n-doped region 19 is the source of the 
cell 1 1 and the drain of an adjacent cell, and similarly for 
another n-doped region 21. 

[0035] Each of the memory cells 11 and 13 contains 
respective conductive floating gates 23 and 25, gener- 
ally made of polysilicon material. Each of these floating 
gates is surrounded by dielectric material so as to be 
insulated from each other and any other conductive el- 
ements of the structure. A control gate 27 extends 
across both of the cells 11 and 13 in a manner to be 
insulated from the floating gates and the substrate itself. 
As shown in Figure 2, conductive strips 29 and 31 are 
additionally provided to be insulated from each other 
and other conductive elements of the structure, serving 
as erase gates. A pair of such erase gates surrounds 
the floating gate of each memory cell and are separated 
from it by an erase dielectric layer. The cells are isolated 
by thick field oxide regions, such as regions 33, 35, and 
37, shown in the cross-section of Figure 1 , and regions 
39 and 41 shown in the view of Figure 2. 
[0036] The-memory cell is programmed by transfer- 
ring electrons from the substrate 15 to a floating gate, 
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such as the floating gate 25 of the memory cell 1 3. The 
charge on the floating gate 25 is increased by electrons 
travelling across the dielectric from a heavily p-doped 
region 43 and onto the floating gate. Charge is removed 
from the floating gate through the dielectric between it 
and the erase gates 29 and 31 . This preferred EEprom 
structure, and a process for manufacturing it, are de- 
scribed in detail in US 5,070,032. 
[0037] The EEprom structure illustrated in Figures 1 
and 2 is a "split-channel" type. Each cell may be viewed 
as a composite transistor consisting of two transistor T1 
and T2 in series as shown in Figure 3. The T1 transistor 
11 a is formed along the length L1 of the channel of the 
cell 11 of Figure 1. It has a variable threshold voltage 
V T1 . In series with the T1 transistor 11a is the T2 tran- 
sistor 11b that is formed in a portion of the channel L2. 
It has a fixed threshold voltage V T2 of about 1V. Ele- 
ments of the equivalent circuit of Figure 3 are labeled 
with the same reference numbers as used for corre- 
sponding parts in Figures 1 and 2, with a prime (') added. 
[0038] As can best be seen from the equivalent circuit 
of Figure 3, the level of charge on the T1 's floating gate 
23' of an EEprom cell affects the threshold voltage V T1 
of the T1 transistor 1 1 a when operated with the control 
gate 27'. Thus, a number of memory states may be de- 
fined in a cell, corresponding to well defined threshold 
voltages programmed into the cell by appropriate 
amount of charges placed on the floating gate. The pro- 
gramming is performed by applying, over a certain pe- 
riod of time, appropriate voltages to the cell's control 
gate 27' as well as drain 17' and source 19'. 

Addressable Flash EEprom Array 

[0039] The various aspects of the present invention 
are typically applied to an array of Flash EEprom cells 
in an integrated circuit chip. Figure 4 illustrates sche- 
matically an array of individually addressable EEprom 
cells 60. Each cell is equivalent to the one shown in Fig- 
ure 3, having a control gate, source and drain, and an 
erase gate. The plurality of individual memory cells are 
organized in rows and columns. Each cell is addressed 
by selectively energizing its row and column simultane- 
ously. A column 62, for example, includes afirst memory 
cell 63, an adjacent second memory cell 65, and so 
forth. A second column 72 includes memory cells 73, 

75, and so forth. Cells 63 and 73 are located in a row 

76, cells 65 and 71 in another, adjacent row, and so forth. 
[0040] Along each row, a word line is connected to all 
the control gates of the cells in the row. For example, 
the row 76 has the word line 77 and the next row has 
the word line 79. A row decoder 81 selectively connects 
the control gate voltage V CG on an input line 83 to all 
the control gates along a selected word line for a row. 
[0041] Along each column, all the cells have their 
sources connected by a source line such as 91 and all 
their drains by a drain line such as 93. Since the cells 
along a row are connected in series by their sources and 



drains, the drain of one cell is also the source of the ad- 
jacent cell. Thus, the line 93 is the drain line for the col- 
umn 62 as well as the source line for the column 72. A 
column decoder 101 selectively connects the source 

5 voltage V s on an input line 103 to all the sources and 
connects the drain voltage V D on an input line 1 05 to all 
the drains along a selected column. 
[0042] Each cell is addressed by the row and column 
in which it is located. For example, if the cell 75 is ad- 

10 dressed for programming or reading, appropriate pro- 
gramming or reading voltages must be supplied to the 
cell's control gate, source and drain. An address on the 
internal address bus 1 1 1 is used to decode row decoder 
81 for connecting V CG to the word line 79 connected to 

15 the control gate of the cell 75. The same address is used 
to decode column decoder 1 01 for connecting V s to the 
source line 93 and V D to the drain line 95, which are 
respectively connected to the source and drain of the 
cell 75. 

20 [0043] One aspect of the present invention, which will 
be disclosed in more detail in a later section, is the im- 
plementation of programming and reading of a plurality 
of memory cells in parallel. In order to select a plurality 
of columns simultaneously, the column decoder, in turn, 

25 controls the switching of a source multiplexer 107 and 
a drain multiplexer 109. In this way, the selected plurality 
of columns may have their source lines and drain lines 
made accessible for connection to V s and V D respec- 
tively. 

30 [0044] Access to the erase gate of each cell is similar 
to that of the control gate. In one implementation, an 
erase line such as 1 1 3 or 1 1 5 or 1 1 7 is connected to the 
erase gate of each cells in a row. An erase decoder 1 1 9 
decodes an address on the internal address bus 1 1 1 and 

35 selectively connects the erase voltage V EG on input line 
121 to an erase line. This allows each row of cells to be 
addressed independently, such as the row 76 being si- 
multaneously (Flash) erased by proper voltages applied 
to their erase gates through erase line 113. In this case, 

40 the Flash cell consists of one row of memory cells. How- 
ever, other Flash cell's implementations are possible 
and most applications will provide for simultaneous 
erasing of many rows of cells at one time. 

45 Flash EEprom System 

[0045] The addressable EEprom array 60 in figure 4 
forms part of the larger multi-state Flash EEprom sys- 
tem of the present invention as illustrated in figure 5. In 
50 the larger system, an EEprom integrated circuit chip 1 30 
is controlled by a controller 1 40 via an interface 1 50. The 
controller 140 is itself in communication with a central 
microprocessor unit 160. 

[0046] The EEprom chip 1 30 comprises the address- 
es able EEprom array 60, a serial protocol logic 1 70, local 
power control circuits 180, and various programming 
and reading circuits 190, 200, 210, 220, 230 and 240. 
[0047] The controller 140 controls the functioning of 
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the EEprom chip 130 by supplying the appropriate volt- 
ages, controls and timing. Tables 1 and 2 shows typical 
examples of voltage conditions for the various opera- 
tional modes of the EEprom cell. The addressable EEp- 
rom array 60 may be directly powered by the controller 
140 or, as shown in figure 5, be further regulated on chip 
by the local power control 1 80. Control and data linkag- 
es between the controller 140 and the chip 130 are 
made through the serial in line 251 and the serial out 
line 253. Clock timing is provided by the controller via 
line 255. 

[0048] In a typical operation of the EEprom chip 130, 
the controller 1 40 will send a serial stream of signals to 
the chip 1 30 via serial in line 251 . The signals, contain- 
ing control, data, address and timing information, will be 
sorted out by the serial protocol logic 1 70. In appropriate 
time sequence, the logic 1 70 outputs various control sig- 
nals 257 to control the various circuits on the chip 130. 
It also sends an address via the internal address bus 
111 to connect the addressed cell to voltages put out 
from the controller. In the meantime, if the operation is 
programming, the data is staged for programming the 
addressed cell by being sent via a serial data line 259 
to a set of read/program latches and shift registers 1 90. 

Read Circuits and Technigues Using Reference Cells 

[0049] To accurately and reliably determine the mem- 
ory state of a cell is essential for EEprom operations. 
This is because all the basic functions such as read, 
erase verify and program verify depend on it. Improved 
and novel read circuits 220 for the EEprom chip 1 30 and 
techniques of the present invention make multi-state 
EEprom feasible. 

[0050] As discussed in connection with figure 3, the 
programmed charge placed on the floating gate 23' de- 
termines the programmed threshold voltage V T1 of the 
cell. Generally, V T1 increases or decreases with the 
amount of negative charge on the floating gate 23'. The 
charge can even be reduced to a positive value (deple- 
tion mode) where V T1 decreases below V T2 and even 
becomes negative. The maximum and minimum values 
of V T1 are governed by the dielectric strength of the de- 
vice material. The span of V T1 defines a threshold volt- 
age window in which memory states may be implement- 
ed. 

[0051] US 5,095,344 discloses an EEprom cell with 
memory states defined within a maximized window of 
threshold voltage V T1 . The full threshold voltage window 
includes the negative region of the threshold voltage, in 
addition to the usual positive region. The increased win- 
dow provides more memory space to implement multi- 
state in an EEprom cell. 

[0052] Figures 6 and 7 respectively illustrates the 
manner in which the threshold voltage window is parti- 
tioned for a 2-state memory and a 4-state memory cell. 
(Of course it is also possible to partition the window for 
a 3-state memory or even for a continuum of states in 



an analog, rather than digital memory). 
[0053] Referring first to figure 6, the solid curve 343 
shows V T1 as a function of programming time. The 
threshold voltage window is delimited by the minimum 

5 and maximum values of V T1 , represented approximately 
by the Erase state level 345 and the Fully Program state 
level 347 respectively. The 2-state memory is imple- 
mented by partitioning the window into two halves 346, 
348 using a breakpoint threshold level 349. Thus, the 

10 cell may be considered to be in memory state 0 (or state 
1 ) if the cell is programmed with a V T1 within region 346 
(or region 348) respectively. 

[0054] A typical erase/program cycle begins with 
erase which reduces the threshold voltage of the cell to 

15 its Erase state level 345. Subsequent repetitive pro- 
gramming is used to increase the threshold voltage V T1 
to the desired level. Rather than continuously applying 
programming voltages to the addressed cell for some 
fixed period of time corresponding to the state to which 

20 the cell is to be programmed, it is preferable to apply 
programming voltages in repetitive short pulses with a 
read operation occurring after each pulse to determine 
when it has been programmed to the desired threshold 
voltage level, at which time the programming termi- 

25 nates. The programming voltages and duration of the 
pulses are such that the pulses advance V T1 across the 
various regions rapidly but each pulse is sufficiently fine 
to not overshoot any of the regions. This minimizes volt- 
age and field related stresses on the cell, and therefore 

30 improves its reliability. 

[0055] Figure 7A illustrates the 4-state case where the 
threshold voltage window is partitioned into four regions 
351, 353, 355, 357 by breakpoint levels 352, 354, 356 
respectively. The cell is considered to be in state "3" or 

35 "2" or "1" or "0" if its V T1 is programmed to be within 
corresponding regions 351 or 353 or 355 or 357 respec- 
tively. A 4-state cell is able to store two bits of data. Thus, 
the four states may be encoded as (1 , 1 ), (1 ,0), (0, 1 ) and 
(0,0) respectively. 

40 [0056] In general, if each EEprom cell is to store K 
states, the threshold window must be partitioned into K 
regions with at least K-1 threshold levels. Thus, only one 
breakpoint level is required for a 2-state memory cell, 
and three breakpoint levels are required for a 4-state 

45 cell. 

[0057] In principle, a threshold voltage window may 
be partitioned to a large number of memory states. For 
example, for an EEprom device with a maximum thresh- 
old window of 16V, it may be partitioned into thirty-two 

50 states each within an approximately half volt interval. In 
practice, prior art EEprom devices have only stored two 
states or one bit per cell with diminished reliability and 
life. Apart from operating with a smaller threshold win- 
dow, prior devices fail to solve two other problems in- 

55 herent in EEprom devices. Both problems relate to the 
uncertainty in the amount of charge in the floating gate 
and hence the uncertainty in the threshold voltage V T1 
programmed into the cell. 
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[0058] The first problem has to do with the endurance- 
related stress the device suffers each time it goes 
through an erase/program cycle. The endurance of a 
Flash EEprom device is its ability to withstand a given 
number of program/erase cycles. The physical phenom- 
enon limiting the endurance of prior art Flash EEprom 
devices is trapping of electrons in the active dielectric 
films of the device. During programming, electrons are 
injected from the substrate to the floating gate through 
a dielectric interface. Similarly, during erasing, electrons 
are extracted from the floating gate to the erase gate 
through a dielectric interface. In both cases, some of the 
electrons are trapped by the dielectric interface. The 
trapped electrons oppose the applied electric field in 
subsequent program/erase cycles thereby causing the 
programmed V T1 to shift to a lower value and the erased 
V T1 to shift to a higher value. This can be seen in a grad- 
ual closure in the voltage "window" between the "0" and 
"1 " states of prior art devices as shown in figure 8A. Be- 
yond approximately 1x10 4 program/erase cycles the 
window closure can become sufficiently severe to cause 
the reading circuitry to malfunction. If cycling is contin- 
ued, the device eventually experiences catastrophic fail- 
ure due to a ruptured dielectric. This typically occurs at 
between 1x10 6 and 1x10 7 cycles, and is known as the 
intrinsic breakdown of the device. In prior art EEprom 
devices the window closure is what limits the practical 
endurance to approximately 1x10 4 program/erase cy- 
cles. This problem is even more critical if multi-state 
memory is implemented, since more accurate place- 
ment of V T1 is demanded. 

[0059] A second problem has to do with the charge 
retention on the floating gate. The charge on the floating 
gate tends to diminish somewhat through leakage over 
a period of time. This causes the threshold voltage V T1 
to shift also to a lower value over time. Figure 8B illus- 
trates the reduction of V T1 as a function of time. Over 
the life time of the device V T1 may shift by as much as 
1 V. In a multi-state device, this could shift the memory 
by one or two states. 

[0060] The present invention overcomes these prob- 
lems and presents circuits and techniques to reliably 
program and read the various states even in a multi- 
state implementation. 

[0061 ] The memory state of a cell may be determined 
by measuring the threshold voltage V T1 programmed 
therein. Alternatively, as set forth in US 5,095,344 the 
memory state may conveniently be determined by 
measuring the differing conduction in the source-drain 
current l DS for the different states. In the 4-state exam- 
ple, figure 7A shows the partition in the threshold voltage 
window. Figure 7B, on the other hand, illustrates typical 
values of l DS (solid curves) for the four states as a func- 
tion of the control gate voltage V CG . With V CG at 5V, the 
l DS values for each of the four conduction states can be 
distinguished by sensing with four corresponding cur- 
rent sensing amplifiers in parallel. Associated with each 
amplifier is a corresponding reference conduction states 



l REF level (shown as broken curves in figure 8). Just as 
the breakpoint threshold levels (see figures 6 and 7A) 
are used to demarcate the different regions in the 
threshold voltage window, the l REF levels are used to do 

5 the same in the corresponding source-drain current win- 
dow. By comparing with the l REF 's, the conduction state 
of the memory cell can be determined. US 5,095,344 
proposes using the same sensing amplifiers and l REF 's 
for both programming and reading. This provides good 

10 tracking between the reference levels (broken curves in 
figure 89) and the programmed levels (solid curves in 
figure 7B). 

[0062] In the improved scheme of the present inven- 
tion, the l REF 's are themselves provided by the source- 

15 drain currents of a set of EEprom cells existing on the 
same chip and set aside solely for this purpose. Thus, 
they act as master reference cells with their l REF 's used 
as reference levels for the reading and programming of 
all other EEprom cells on the same chip. By using the 

20 same device as the EEprom cells to act as reference 
cells, excellent tracking with respect to temperature, 
voltage and process variations is achieved. Further- 
more, the charge retention problem, important in multi- 
state implementation, is alleviated. 

25 [0063] Referring to figure 9A, one such master refer- 
ence cell 400 is shown with its program and read paths. 
The reference cells erase and program module 410 
serves to program or re-program each such reference 
cell 400. The module 410 includes program and erase 

30 circuits 41 1 with a programming path 41 3 connected to 
the drain of the master reference cell 400. The circuits 
411 are initiated by addresses decoded from the internal 
bus 111 by a program decoder 415 and an erase decod- 
er 41 7 respectively. Accordingly, programming voltages 

35 or erasing voltages are selectively supplied each refer- 
ence cell such as cell 400. In this way, the reference 
level in each reference cell may be independently set or 
reprogrammed. Typically, the threshold level of each ref- 
erence cell will be factory-programmed to the optimum 

40 level appropriate for each batch of chips produced. This 
could be done by comparison with an external standard 
reference level. By software control, a user also has the 
option to reset the reference threshold levels. 
[0064] Once the reference threshold voltage V T1 or 

45 reference drain-source current l REF is programmed into 
each reference cell 400, it then serves as a reference 
for the reading of an addressed memory cell such as 
cell 420. The reference cell 400 is connected to a first 
leg 403 of a current sensing amplifier 41 0 via a clocked 

50 switch 413. A second leg 415 of the amplifier is essen- 
tially connected to the addressed memory cell 420 
whose programmed conduction state is to be deter- 
mined. When cell 420 is to be read, a control signal 
READ will enable a switch 421 so that the cell's drain is 

55 connected to the second leg 415. The sense amplifier 
410 supplies voltage via V cc to the drains of both the 
master reference cell 400 and the addressed cell 420. 
In the preferred embodiment, the amplifier has acurrent 
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mirror configuration such that any differential in currents 
through the two legs 403 and 41 5 results in the voltage 
in the second leg 415 being pulled up towards V cc or 
down towards V s . Thus, the node at the second leg 41 5 
is respectively HIGH (or LOW) when the source-drain 
current l DS for the addressed cell 420 is less (or more) 
than l REF through the master reference cell 400. At the 
appropriate time controlled by a clocked switch 423, the 
sensed result at the second leg 415 may be held by a 
latch 425 and made available at an output line 427. 
When l DS is less than l REF 'aHIGH appears at the output 
line 427 and the addressed cell 420 is regarded as in 
the same conduction state as the master reference cell 
400. 

[0065] In the preferred embodiment, a voltage clamp 
and fast pull-up circuit 430 is also inserted between the 
second leg 415 and the drain 431 of the addressed cell 
420. The circuit 430 serves to keep the drain voltage V D 
at a maximum of 1 .5V - 2.0V when it is charging up in 
the case of lower l DS . It also prevents V D from pulling 
too low in the case of higher l DS . 
[0066] In general, if each memory cell is to store K 
states, then at least K-1 , or preferably K reference levels 
need be provided. In one embodiment, the addressed 
cell is compared to the K reference cells using k sense 
amplifiers in parallel. This is preferable for the 2-state 
case because of speed, but may spread the available 
current too thin for proper sensing in the multi-state 
case. Thus, for multi-state case, it is preferable to com- 
pare the addressed cell with the K reference cells one 
at a time in sequence. 

[0067] Figure 9B illustrates more explicitly the multi- 
state reading configuration. The K reference cells such 
as 431, 433, 435 are connected to the sense amplifier 
440 via the amplifier's first leg 441 . The connection is 
time-multiplexed by clocked switches such as 451 , 453, 
455 respectively. The second leg 457 of the sense am- 
plifier is connected to the addressed cell as in figure 9A. 
The sensed signal at the second leg 457 is time-selec- 
tively latched by clocked switches such as 461 , 463, 465 
onto such latches 471 , 473, 475. 
[0068] Figures 9C(1)-9C(8) illustrates the timing for 
multi-state read. When the signal READ goes HIGH, a 
switch 421 is enabled and the addressed memory cell 
is connected to the second leg 457 of the sense amplifier 
440 (figure 9C(1)). The clocks' timing is given in figures 
9C(2)-9C(4). Thus, at each clock signal, the sense am- 
plifier sequentially compares the addressed cell with 
each of the reference cells and latches each results. The 
latched outputs of the sense amplifier are given in fig- 
ures 9C(5)-9C(7). After all the K output states of the 
sense amplifier 440 are latched, they are encoded by a 
K-L decoder 480 (2 L > K) (figure 9C(8)) into L binary bits. 
[0069] Thus, the multiple threshold levels are provid- 
ed by a set of memory cells which serves as master ref- 
erence cells. The master reference cells are independ- 
ently and externally erasable and programmable, either 
by the device manufacturer or the user. This feature pro- 



vides maximum flexibility, allowing the breakpoint 
thresholds to be individually set within the threshold win- 
dow of the device at any time. By virtue of being the 
same device as that of the memory cells, the reference 

5 cells closely track the same variations due to manufac- 
turing processes, operating conditions and charge re- 
tention problems. The independent programmability of 
each threshold level at will allows optimization and fine- 
tuning of the partitioning of the threshold window to 

10 make multi-state memory viable. Furthermore, it allows 
post-manufacture configuration for either 2-state or mul- 
ti-state memory from the same device, depending on us- 
er need or device characteristics at the time. 
[0070] Another embodiment of the present invention 

15 provides improved multi-state sensing of an addressed 
memory cell. As discussed in connection with an earlier 
embodiment for sensing a mult-state memory, it is pref- 
erable to compare the cell's conduction current with all 
the reference conduction current levels (threshold lev- 

20 els) simultaneously or in parallel. For example, a4-state 
memory cell has at least three reference current levels 
to demarcate the four states. Parallel sensing the state 
of the cell means simultaneous comparison of the cell's 
conduction current Iqell versus eacn of the three refer- 

25 ence current levels. This is faster than comparing with 
each of the three reference conduction levels sequen- 
tially. However, in the simpler embodiment described 
earlier, the conduction current of the addressed cell 
would be diluted by being divided up into three branch- 

30 es, one for each reference level comparison. Thus, a 
simple implementation of simultaneous or parallel multi- 
state sensing may be prohibited by the signal-to-noise 
ratio requirement of the sensing system, especially 
when there are many states involved. 

35 [0071] Figure 9D - Figure 91 illustrate several embod- 
iments of simultaneous multi-state sensing without the 
disadvantage of degrading the conduction current of the 
sensed cell. In each embodiment, a one-to-many cur- 
rent mirror is employed to reproduce a current into many 

40 copies so that each copy may be used to compare with 
a reference current level at the same time. 
[0072] Figure 9D illustrates a first embodiment of si- 
multaneous multi-state sensing. A one-to-many current 
mirror comprises a first transistor 91 0 on a first leg 920 

45 and a second transistor 911, 912, 915 respectively 
on each branch 921 , 922, 925 of asecond leg. When- 
ever, a first current flows in the first leg 920, the second 
transistor on each branch of the second leg behaves as 
a current source and supplies a reproduced current in 

50 its branch. The ratio of reproduced current to the first 
current scales according to the relative sizes of the sec- 
ond transistor 911 , 912, 91 5 to the first transistor 910. 
[0073] In the present embodiment, all the transistors 
have the same size as denoted by the symbol "X" shown 

55 in Figure 9D. This results in a one-to-many current mir- 
ror in which the first current in the first leg 920 is identi- 
cally reproduced in all branches 921 , 922, 925 of the 
second leg. Thus, when the conduction current l CELL of 
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an addressed memory cell 420 flows through a read en- 
abling switch 421 in the first leg 920, the same current 
'cell ' s reproduced in the branches 921 , 922, 925 of 
the second leg. This is achieved without dilution of Iqell- 
[0074] Once l CELL is reproduced in each branch, it is 
compared to an associated reference current level. This 
is accomplished by also driving each branch with a sec- 
ond current source 931 , 932, 935 in-line with the first 
current source 911 , 912, 915 respectively. Each sec- 
ond current source or l REF circuit 931 , 932, 935 sup- 
plies respectively the predetermined reference current 
level such as l REF1 in line 941 of the first branch, l REF2 
in line 942 of the second branch, and l RFF ^ in line 
953 of the kth branch. The memory state is then deter- 
mined by sensing the location of the Iqell ' eve ' relative 
to the Iref' s - The sensed outputs for each state denoted 
by SA1 , SA2, SAk in Figure 9D are respectively de- 
rived from a node 951 of the first branch, a node 952 of 
second branch, and a node 953 of the kth branch. 
The node in each branch is situated between the first 
and second current source. In general the two current 
sources are of opposite polarity. If the second current 
source 931 , 932, 935 is an n-channel transistor con- 
nected to V s on one end, then the first current source is 
a p-channel transistor 911, 912, 915 connected to 
V cc on the other end. Depending on the relative levels 
of Iqell anc ' 'ref ' n tne two current sources, the node is 
either pulled up towards V cc (typically, 5V) or down to- 
wards V s (typically, OV). For example, in the first 
branch, a current l CELL is reproduced in line 921 and a 
current l REF1 is supplied in line 941. The node 951 is 
respectively HIGH (or LOW) when l CELL is greater than 
(or less than) l REF1 . Thus, a memory state having an 
'cell tnat " es between l REF1 and l REF2 would only have 
the node 951 HIGH, thereby resulting in a multi-state 
output (SA1 , SA2, SAk) = (0, 1 , 1 ). 
[0075] In general, each l REF circuit 931, 932, 935 
can be a current source circuit pre-adjusted to supply 
the various reference current levels l REF1 , Iref2' 

'rEF3- 

[0076] Figure 9E illustrates one embodiment in EEp- 
rom applications in which each l REF circuit 931 , 932, 
935 is provided respectively by a reference cell 431 , 
432, 435 which is itself an EEprom cell similar to that 
described in connection with Figures 9A and 9B. Thus 
the reference cell may be applicable as a master refer- 
ence cell or a local reference cell in which a reference 
conduction current level may be programmed. 
[0077] Figure 9F illustrates a preferred implementa- 
tion where each l REF circuit is not provided directly by a 
reference cell, but rather by a reproduction of it. This 
enables a chunk (e.g., 64) of memory cells to share the 
same reference cell for simultaneous sensing. A tran- 
sistor 961 , 962, 965 respectively in each of the l REF 
circuit 931, 932, 935 serves as a current source for 
supplying the reproduced reference current level from 
each of the reference cells 431 , 432, 435. Each tran- 
sistor is controlled by a reference voltage REF1 , 



REF2, REFk at its gate to produce the required ref- 
erence current levels l REF1 , Iref2' 'ref3- Each refer- 
ence voltage is furnished by a REF circuit 971, 
975. An alternative view is that each transistor 961, 

5 962, 965 and the associated REF circuit 971 , 

975 form a double current mirror circuit by which the ref- 
erence current of each reference cell 431 , 432, 435 
is reproduced as the conduction current of the transistor 
961, 962, 965. Considering the l REF1 circuit 931 as 

10 a representative, it comprises the transistor 961 as a 
current source for l REF1 . The l REF1 level is obtained as 
a reproduction of the conduction current of the reference 
cell 431. The reference cell 431 supplies a reference 
current l REF1 to a first leg 976 of the first current mirror 

15 that gets reproduced in a second leg 977 thereof. The 
second leg 977 of the first current mirror is interconnect- 
ed with a first leg of the second current mirror. Thus the 
reproduced reference current is in turn reproduced in 
the second leg 941 of the second mirror by the transistor 

20 961 . Generally, the two current mirrors are of opposite 
polarity. For example, when the REF1 cell 431 is an n- 
channel transistor, the first current mirror comprises of 
two p-channel transistors 981 and 982 of equal size "X", 
and the second current mirror comprises of two n-chan- 

25 nel transistors 983 and 961 of equal size "W". 

[0078] Figure 9G illustrates another embodiment in 
which the different l REF levels supplied by the second 
current source of each branch are all generated from 
one reference circuit 976. The reference circuit 976 pro- 

30 vides a reference voltage that is applied to every gate 
of the transistor 961, 962, 965 of each branch re- 
spectively. As in the embodiment illustrated in Figure 9F, 
the reference voltage serves to turn on the transistors. 
However, the different levels of I RE f' s across the branch- 
es es are now obtained by adjusting the size of the transis- 
tors 961 , 962, 965. For example, as illustrated in Fig- 
ure 9G, the transistors 961, 962, 965 respectively 
have sizes of l*W, J*W, K*W, where l:J: ... :K are re- 
spectively in the same ratios as Irefi : 'ref2 : ■■■ -'REFk- 

40 The single reference circuit 976 may be a constant volt- 
age source or a circuit involving a reference cell similar 
to the REF circuit 971 in Figure 9F. This applies under 
the normal current mirroring condition in which the tran- 
sistors in each branch such as M81 and 961 are biased 

45 in the saturation region. 

[0079] Figure 9H illustrates another embodiment in 
which all the second current sources are the same 
across the branches but l CELL is reproduced by the first 
current source into each branch with levels scaled ac- 

50 cording to the gradation of the reference current levels. 
The scaling is effected by adjusting the size of each sec- 
ond transistor 91 1 , 912, 915. For example, as illus- 
trated in Figure 9H, the second transistors 911 , 912, 
915 respectively have sizes of l*X, J*X, K*X, where 

55 x is the size of the first transistor 91 0 in the first leg 920 
and l:J: ... :K are respectively in the same ratios as 
I RE fi : 'ref2 : ■■■ : 'REFk- Thus, only one REF circuit 976 is 
used across the branches, and furthermore, the sizes 
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of all the transistors 961 , 962, 965 are now identical. 
The single reference circuit 976 may be a constant volt- 
age source or may be a circuit involving a reference cell 
similar to the REF circuit 971 in Figure 9F. In one imple- 
mentation, the reference circuit 976 is such that each 
second current source 961 , 962, 965 is made to sup- 
ply a current equal to the highest reference current level 
l REFk . The order of the outputs from the nodes is re- 
versed relative to the embodiments illustrated in Figures 
9D - 9G. 

[0080] Figure 91 illustrates yet another embodiment of 
simultaneous multi-state sensing with a circuit similar to 
that in Figure 9G, except the identities of the address 
memory cell and the IREF circuit are interchanged. In 
other words, in each branch, the second current source 
such as 931, 932, 935 now supplies a reproduced 
'cell- This is achieved by means of an addressed mem- 
ory cell circuit 977 feeding a reference voltage MC to 
every gate of the transistor 961, 962, 965 of each 
branch respectively. The circuit 977 is similar to the 
REF1 circuit 971 in Figure 9F, except the REF1 CELL 
431 is now replaced by the addressed memory cell 420. 
Similarly, the first current source such as 911 , 912, 
915 now supplies respectively l REF1 , Iref2' ■"> 'ref^ 
The various Iref' s are obtained by ascaled reproduction 
of the current of an IREFO circuit 978. The scaling is 
effected by adjusting the size of each second transistor 
91 1,912, 915 in the one-to-many current mirror. For 
example, as illustrated in Figure 91, the second transis- 
tors 911, 912, 915 respectively have sizes of l*X, 
J*X, K*X, where X is the size of the first transistor 
910 in the first leg 920 and 1:1 :J: ... :K are respectively 
in the same ratios as I re fo - ' r efi : 'ref2 : ■■■ -'REFk- ' n 9 en ~ 
eral, the IREFO circuit 978 may be any current source 
which supplies a current level of l REF0 - In one embodi- 
ment, the IREFOcircuit is an EEprom cell programmable 
with a reference current level, similar to that described 
in connection with Figures 9A and 9B. 
[0081 ] Another important feature of the present inven- 
tion serves to overcome the problems of endurance-re- 
lated stress. As explained previously, the erase, pro- 
gram and read characteristics of each memory cell de- 
pends on the cumulated stress endured over the 
number of program/erase cycles the cell has been 
through. In general, the memory cells are subjected to 
many more program/erase cycles than the master ref- 
erence cells. The initially optimized reference levels will 
eventually become misaligned to cause reading errors. 
The present underlying inventive concept is to have the 
reference levels also reflect the same cycling suffered 
by the memory cells. This is achieved by the implemen- 
tation of local reference cells in addition to the master 
reference cells. The local reference cells are subjected 
to the same program/erase cycling as the memory cells. 
Every time after an erase operation, the reference levels 
in the master reference cells are re-copied into the cor- 
responding set of local reference cells. Memory cells are 
then read with respect to the reference levels of the 



closely tracking local reference cells. In this way, the de- 
viation in cell characteristics after each program/erase 
cycle is automatically compensated for. The proper par- 
titioning of the transforming threshold window is there- 

5 fore maintained so that the memory states can be read 
correctly even after many cycles. 
[0082] Figure 1 0 illustrates the local cells referencing 
implementation for Flash EEprom. In the Flash EEprom 
array 60 (Fig. 4), each group of memory cells which is 

10 collectively erased or programmed is called a sector. 
The term " Flash sector" is analogous to the term "sec- 
tor" used in magnetic disk storage devices and they are 
used interchangeably here. The EEprom array is 
grouped into Flash sectors such as 501, 503 and 505. 

15 While all memory cells in a Flash sector suffer the same 
cycling, different Flash sectors may undergo different 
cycling. In order to track each Flash sector properly, a 
set of memory cells in each Flash sector is set aside for 
use as local reference cells. For example, after the Flash 

20 sector 503 has been erased, the reference levels in the 
master reference cells 507 are re-programmed into the 
local reference cells associated with the Flash sector 
503. Until the next erase cycle, the read circuits 51 3 will 
continue to read the memory cells within the Flash sec- 

25 tor 503 with respect to the re-programmed reference 
levels. 

[0083] Figures 1 1 (1 )-1 1 (7) illustrates the algorithm to 
re-program a sector's reference cells. In particular, fig- 
ures 11(1 )-1 1 (3) relate to erasing the sector's local ref- 

30 erence cells to their "erased states". Thus in figure 11 
(1 ), a pulse of erasing voltage is applied to all the sec- 
tor's memory cells including the local reference cells. In 
figure 11(2), all the local reference cells are then read 
with respect to the master references cells to verify if 

35 they have all been erased to the "erased state". As long 
as one cell is found to be otherwise, another pulse of 
erasing voltage will be applied to all the cells. This proc- 
ess is repeated until all the local reference cells in the 
sector are verified to be in the "erased" state (figure 11 

40 ( 3 )). 

[0084] Figures 1 1 (4)-1 1 (7) relate to programming the 
local reference cells in the sector. After all the local ref- 
erence cells in the sector have been verified to be in the 
"erased" state, a pulse of programming voltage is ap- 

45 plied in figure 11 (4) only to all the local reference cells. 
This is followed in figure 11(5) by reading the local ref- 
erence cells with respect to the master reference cells 
to verify if every one of the local reference cells is pro- 
grammed to the same state as the corresponding mas- 

50 ter reference cell. For those local reference cells not so 
verified, another pulse of programming voltage is selec- 
tively applied to them alone (figure 11 (6)). This process 
is repeated until all the local reference cells are correctly 
verified (figure 11(7)) to be programmed to the various 

55 breakpoint threshold levels in the threshold window. 
[0085] Once the local reference cells in the sector 
have been re-programmed, they are used directly or in- 
directly to erase verify, program verify or read the sec- 
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tor's addressed memory cells. 

[0086] Figure 12A illustrates one embodiment in 
which the local reference cells are used directly to read 
or program/erase verify the sector's memory cells. 
Thus, during those operations, aparallel pair of switches 5 
525 is enabled by a READ signal and the sense amplifier 
440 will read the sector's addressed memory cells 523 
with respect to each of the sector's local reference cells 
525. During program/erase verify of the local reference 
cells (as illustrated in figure 1 1 ), another parallel pair of 10 
switches 527 enables reading of the local reference 
cells 525 relative to the master reference cells 529. 
[0087] Figure 12B illustrates the algorithm for using 
the local reference cells directly to read or program/ 
erase verify the sector's addressed memory cells. 15 
[0088] Figure 13A illustrates an alternative embodi- 
ment in which the local reference cells are used indirect- 
ly to read the addressed memory cells. First the master 
reference cells are erased and programmed each to one 
of the desired multiple breakpoint thresholds within the 20 
threshold window. Using these master reference thresh- 
olds the local reference cells within an erased sector of 
cells are each programmed to one of the same desired 
multiple breakpoint thresholds. Next the addressed cells 
in the sector are programmed (written) with the desired 25 
data. The reading sequence for the addressed cells in 
the sector then involves the steps illustrated in Figure 
13A. 

[0089] First each of the local reference cells 525 is 
read relative to the corresponding master reference cell 30 
531 . This is effected by an enabling READ 1 signal to a 
switch 533 connecting the local reference cells 525 to 
the second leg 457 of the sense amplifier 440 with the 
master reference 531 connected to the first leg 441 of 
the sense amplifier. Auxiliary current source circuits as- 35 
sociated with each master reference cell are now used 
to optimally bias the current through the first leg 441 of 
the sense amplifier to match the current in the second 
leg 457. After the bias adjustment operation is complet- 
ed for all breakpoint threshold levels the addressed cells 40 
in the sector are read relative to the bias-adjusted mas- 
ter reference cells. This is effected by disabling READ 
1 to 533 and enabling READ signal to switch 535. The 
advantage of this approach is that any variations in V cc , 
temperature, cycling fatigue or other effects which may, 45 
over time, cause threshold deviations between the mas- 
ter reference cells and the addressed cells is eliminated 
prior to reading, since the local reference cells (which 
track threshold deviations of the addressed cells) are 
used to effectively readjust the breakpoint thresholds of 50 
the master reference cells. For example, this scheme 
permits programming of the addressed cells when the 
master reference cells are powered with V CC =5.5V and 
subsequently reading the addressed cells with the mas- 
ter reference cells powered at V CC =4.5V. The difference 55 
of 1 volt in V cc , which would normally cause a change 
in the value of the breakpoint thresholds, is neutralized 
by using the local reference cells to bias adjust the mas- 



ter reference cells to counteract this change at the time 
of reading. 

[0090] Figures 13B and 13C show in more detail one 
embodiment of the current biasing circuits such as 541 , 
543, 545 for the master reference cells 551, 553, 555. 
Each biasing circuit acts as a current shunt for the cur- 
rent in the master reference cell. For example, the circuit 
541 is tapped to the drain of the master reference cell 
551 through the line 561. It modifies the current in line 
562 to the sense amplifier (first leg) either by sourcing 
current from V cc or draining current to V ss . In the former 
case, the current in the line 562 is reduced, and other- 
wise for the latter case. As biasing is being established 
for the master reference 551, any inequality in the cur- 
rents in the two legs of the sense amplifier can be com- 
municated to outside the chip. This is detected by the 
controller (see figure 5) which in turn programs the bi- 
asing circuit 541 via the internal address bus 1 1 1 to sub- 
tract or add current in the line 562 in order to equalize 
that of the local reference. 

[0091 ] Figure 1 3C illustrates an embodiment of the bi- 
asing circuit such as the circuit 541 . A bank of parallel 
transistors such as 571 , 573, 575 are all connected with 
their drains to V cc , and their sources via switches such 
as 581 , 583, 585 to the line 561 . By selectively enabling 
the switches, different number of transistors may be 
used to subtract various amount of current from line 562. 
Similarly, another bank of parallel transistors such as 
591, 593, 595 are all connected with their sources to 
V ss , and their drains via switches such as 601 , 603, 605 
to the line 561 . By selectively enabling the switches, dif- 
ferent number of transistors may be used to add various 
amount of current to line 562. A decoder 609 is used to 
decode address from the internal address bus 111 to 
selectively enable the switches. The enabling signals 
are stored in latches 611 , 613. In this way every time a 
sector is read, the master reference cells are re-biased 
relative to the local reference cells, and used for reading 
the memory cells in the sector. 

[0092] Figures 1 3D(1 )-1 3D(4) illustrate the read algo- 
rithm for the alternative embodiment. The sector must 
previous had its local reference cells programmed and 
verified relative to the master reference cells (figure 1 3D 

(1) ). Accordingly, each of the master reference cells is 
then read relative to the local reference cells (figure 1 3D 

(2) ). The master reference cells are biased to equalize 
the current to that of the corresponding local reference 
cells (figure 13D(3)). Subsequently, the memory cells in 
the sector are read relative to the biased master refer- 
ence cells( figure 13D(4)). 

[0093] The read circuits and operation described are 
also employed in the programming and erasing of the 
memory cells, particularly in the verifying part of the op- 
eration. As described previously, programming is per- 
formed in small steps, with reading of the state pro- 
grammed in between to verify if the desired state has 
been reached. As soon as the programmed state is ver- 
ified correctly, programming stops. Similarly, erasing is 
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performed in small steps, with reading of the state of 
erase in between to verify if the "erased" state has been 
reach. Once the "erased" state is verified correctly, eras- 
ing stops. 

[0094] As described previously, only K-1 breakpoint 
threshold levels are required to partition the threshold 
window into K regions, thereby allowing the memory cell 
to store K states. According to one aspect of the present 
invention, however, in the multi-state case where the 
threshold window is more finely partitioned, it is prefer- 
able to use K threshold levels for K state. The extra 
threshold level is used to distinguish the "erased" state 
from the state with the lowest threshold level. This pre- 
vents over-erasing and thus over-stressing the cell 
since erasing will stop once the "erased" state is 
reached. The selective inhibition of individual cells for 
erase does not apply to the Flash EEprom case where 
at least a sector must be erased each time. It is suitable 
those EEprom arrays where the memory cells can be 
individually addressed for erase. 
[0095] According to another feature of the invention, 
after a memory cell has been erased to the "erased" 
state, it is programmed slightly to bring the cell to the 
state with the lowest threshold level (ground state) ad- 
jacent the "erased" state. This has two advantages. 
First, the threshold levels of the ground state of all the 
memory cells, being confined between the same two 
breakpoint threshold levels, are well-defined and not 
widely scattered. This provide an uniform starting point 
for subsequent programming of the cells. Secondly, all 
cells get some programming, thereby preventing those 
cells which tend to have the ground state stored in them, 
for example, from losing track with the rest with regard 
to program/erase cycling and endurance history. 

On Chip Program Verify 

[0096] As mentioned before, programming of an EEp- 
rom cell to a desired state is preferably performed in 
small steps starting from the "erase" state. After each 
programming step, the cell under programming is read 
to verify if the desired state has been reached. If it has 
not, further programming and verifying will be repeated 
until it is so verified. 

[0097] Referring to the system diagram illustrated in 
figure 5, the EEprom chip 1 30 is under the control of the 
controller 140. They are linked serially by the serial in 
line 251 and serial out line 253. In prior art EEprom de- 
vices, after each programming step, the state attained 
in the cell under programming is read and sent back to 
the controller 140 or the CPU 160 for verification with 
the desired state. This scheme places a heavy penalty 
on speed especially in view of the serial link. 
[0098] In the present invention, the program verifica- 
tion is optimized by programming a chunk (typically sev- 
eral bytes) of cells in parallel followed by verifying in par- 
allel and on chip. The parallel programming is imple- 
mented by a selective programming circuit which disa- 



bles programming of those cells in the chunk whose 
states have already been verified correctly. This feature 
is essential in a multi-state implementation, because 
some cells will reach their desired state earlier than oth- 

5 ers, and will continue pass the desired state if not 
stopped. After the whole chunk of cells have been ver- 
ified correctly, logic on chip communicates this fact to 
the controller, whereby programming of the next chunk 
of cells may commence. In this way, in between each 

10 programming step data does not need to be shuttled be- 
tween the EEprom chip and the controller, and program 
verification speed is greatly enhanced. 
[0099] Figure 14 illustrates the program and verify 
paths for a chunk of n cells in parallel. The same numer- 

15 als are used for corresponding modules in the system 
diagram of figure 5. The EEprom array 60 is addressed 
by N cells at a time. For example, N may be 64 cells 
wide. In a 512 bytes Flash sector, consisting of 4 rows 
of 1024 cells, there will be 64 chunks of 64 cells. The 

20 source multiplexer 107 selectively connects the N 
sources of one addressed chunk of cells to the source 
voltage V s in line 103. Similarly, the drain multiplexer 
1 09 selectively makes the N drains of the chunk acces- 
sible through an N-channel data path 1 05. The data path 

25 1 05 is accessed by the program circuit with inhibit 210 
during programming and by read circuits 220 during 
reading, program verifying or erase verifying. 
[01 00] Referring again to the system diagram in figure 
5, programming is under the control of the controller 

30 1 40. The data to be programmed into the sector is sent 
chunk by chunk. The controller first sends a first chunk 
of N*L serial data bits together with addresses, control 
and timing information to the EEprom chip 130. L is the 
number of binary bits encoded per memory cell. For ex- 

35 ample, L=1 for a 2-state cell, and L=2 for a 4-state cell. 
Thus if N=64 and L=2, the chunk of data bits will be 128 
bits wide. The N*L data bits are stored in latches and 
shift registers 1 90 where the serial bits are converted to 
N*L parallel bits. These data will be required for program 

40 verify in conjunction with the read circuits 220, bit de- 
coder 230, compare circuit 200 and the program circuit 
with inhibit 210. 

[0101] The program algorithm for a chunk of N cells 
is best described by referring to both the system dia- 

45 gram of figure 5 and figures 1 5(1 )-1 5(7) which illustrate 
the algorithm itself. As mentioned in an earlier section, 
prior to programming the sector, the whole sector must 
be erased and all cells in it verified to be in the "erased" 
state (figure 15(1)). This is followed in figure 15(2) by 

50 programming the sector local reference cells (as shown 
in figures 11(1 )-(3)). In figure 1 5(3), the N*L bits of par- 
allel data is latched in latches 190. In figure 15(4), the 
read circuits 220 access the N-channel data path 105 
to read the states in the N chunk of cells. The read al- 

55 gorithm has already been described in conjunction with 
figure 12B or figure 13D. The N-cell reads generates 
N*K (K=number of states per cell) output states. These 
are decoded by bit decoder 230 into N*L binary bits. In 



12 



23 



EP 0 778 582 B1 



24 



figure 15(5), the N*L read bits are compared bit by bit 
with the N*L program data bits from latches 1 90 by com- 
pare circuit 200. In figure 15(6), if any read bit fails to 
compare with the program data bit, a further program- 
ming voltage pulse from the program circuit 210 is ap- 
plied simultaneously to the chunk of cells. However, an 
inhibit circuit within the program circuit 210 selectively 
blocks programming to those cells whose bits are cor- 
rectly verified with the programmed data bits. Thus, only 
the unverified cells are programmed each time. Pro- 
gramming and verification are repeated until all the cells 
are correctly verified in figure 15(7). 
[0102] Figure 1 6 shows one embodiment of the com- 
pare circuit 200 of figure 5 in more detail. The circuit 200 
comprises N cell compare modules such as 701, 703, 
one for each of the N cells in the chunk. In each cell 
compare module such as the module 701, the L read 
bits (L=number of binary bits encoded for each cell) are 
compared bit by bit with the corresponding program data 
bits. This is performed by L XOR gates such as 711, 
713, 715. The output of these XOR gates pass through 
an NOR gate 71 7 such that a "1 " appears at the output 
of NOR gate 717 whenever all the L bits are verified, 
and a "0" appears when otherwise. When the control 
signal VERIFY is true, this result is latched to a latch 
721 such that the same result at the output of NOR gate 
717 is available at the cell compare module's output 
725. The compare circuit 200 performs the comparisons 
of L bits in parallel. The N compare module's outputs 
such as 725, 727 are available at an N-channel output 
line 731 to be fed to the program circuit with inhibit 21 0 
of figure 5. 

[0103] At the same time, the N outputs such as 725, 
727 are passed through an AND gate 733 so that its 
single output 735 results in a "1" when all N cells are 
verified and a "0" when otherwise. Referring also to fig- 
ure 5, the single output 735 is used to signal the con- 
troller 1 40 that all N cells in the chunk of data have been 
correctly verified. The signal in output 735 is sent 
through the serial out line 253 via AND gate 240 during 
a VERIFY operation. 

[0104] At power-up or at the end of program/verify of 
a chunk of data, all cell compare module's outputs such 
as 725, 727 are reset to the "not-verified" state of "0". 
This is achieved by pulling the node 726 to V ss (0V) by 
means of the RESET signal in line 727 to a - transistor 
729. 

[0105] Figure 17 shows one embodiment of the pro- 
gram circuit with inhibit 210 of figure 5 in more detail. 
The program circuit 210 comprises N program with in- 
hibit modules such as 801, 803. As illustrated in Table 
1 and 2, in order to program the N cells, a voltage V PD 
must be applied to each of the N cells' drain and a volt- 
age V PG applied to the control gates. Each program 
module such as 801 serves to selectively pass V PD on 
a line 805 to one of the drains through the one of the N- 
channel data path 105. Since V PD is typically about 8V 
to 9V which is higher than V cc , the latter cannot be used 



to turn on the transistor switch 807. Rather the higher 
voltage V CG (about 12V) is used to enable switch 807. 
V CG in line 801 is itself enabled by an AND gate when 
both the program control signal PGM in line 813 is true 

5 and the signal in line 731 is a "0". Since the signal in line 
731 is from the output of the cell compare module 701 
shown in figure 1 6, it follows that V PD will be selectively 
passed onto those cells which are not yet verified. In this 
way, every time a programming pulse is applied, it is only 

10 applied to those cells which have not yet reached their 
intended states. This selective programming feature is 
especially necessary in implementing parallel program- 
ming and on chip verification in the multi-state case. 

15 Variable Control of Voltage to the Control Gate 

[0106] The system diagram of figure 5 in conjunction 
with Tables 1 and 2 illustrate how various voltages are 
applied to the EEprom array 60 to perform the basic 
20 functions of the EEprom. Prior art EEprom devices only 
allow the voltage supplied to the control gate V CG to as- 
sume one of two voltages, namely V cc or the higher pro- 
gramming voltage of about 12V. 
[0107] In another embodiment of the present inven- 
ts tion, the voltage supplied to the control gate V CG is al- 
lowing to be independently and continuously variable 
over a wide range of voltages. This is provided by V PG 
from the controller 140. In particular V CG in a line 83 is 
fed from V PG which is in turn supplied by the controller 
30 from a line 901 . Table 2 shows V PG to assume various 
voltages under different functions of the EEprom. 
[0108] The variability of V CG is particularly advanta- 
geous in program and erase margining schemes. In pro- 
gram margining, the read during program verify is done 
35 with V CG at a slightly higher voltage than the standard 
V cc . This helps to place the programmed threshold well 
into the state by programming past the breakpoint 
threshold level with a slight margin. In erase verify, the 
cell is verified with a somewhat reduced V CG to put the 
40 cell well into the "erased" state. Furthermore, margining 
can be used to offset the charge retention problem de- 
scribed earlier (Figure 8B). 

[0109] As mentioned before, prior art EEproms typi- 
cally employ V cc to feed V CG during program or erase 
45 verify. In order to do margining, V cc itself needs to be 
ramped up or reduced. This practice produces inaccu- 
rate results in the reading circuits since they are also 
driven by V cc . 

[0110] The variability of V CG independent of voltages 
50 supplied to the reading circuit produce more accurate 
and reliable results. 

[0111] Furthermore, the wide range of V CG is useful 
during testing and diagnostic of the EEprom. It allows 
the full range of the programmed cell's threshold to be 
55 measured easily by continuing to increase V CG (up to 
the maximum limited by the device's junction break- 
down). 

[0112] While the embodiments of this invention that 
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have been described are the preferred implementa- 
tions, those skilled in the art will understand that varia- 
tions thereof may also be possible. Therefore, the in- 
vention is entitled to protection within the full scope of 
the appended claims. 



Claims 

1. An electrically erasable and programmable non- 
volatile memory system, comprising: 

an integrated circuit array of electrically altera- 
ble memory cells (11,1 3); 
a programming circuit (21 0) that applies appro- 
priate programming parameters in parallel to an 
addressed plurality of cells; 
means (200) for verifying in parallel the state 
into which the addressed plurality of cells are 
programmed, 

means for inhibiting further programming of 
correctly verified cells among the plurality of ad- 
dressed cells, and 

means for further programming and verifying in 
parallel the plurality of addressed cells and in- 
hibiting programming of correctly verified cells 
until all the plurality of addressed cells are ver- 
ified correctly. 

2. A memory system as in claim 1, which further in- 
cludes at least one reference memory cell (400), 
and which additionally comprises means (410) for 
programming said at least one reference cell to a 
reference level (V T1 ), and wherein said verifying 
means includes means for reading the reference 
level of said at least one reference cell for verifying 
the programmed data. 

3. A memory system as in claim 1 , wherein the array 
of electrically alterable memory cells (11, 13) is or- 
ganized into a plurality of addressable blocks char- 
acterized by the cells of an individual block being 
erasable together, where at least one reference cell 
(400) is included in individual ones of the blocks of 
cells, and said memory system additionally com- 
prises means (410) for programming said at least 
one reference cell to a reference level, and wherein 
said verifying means includes means for reading 
said at least one reference level of the reference 
cell of the block when verifying programmed data 
residing therein. 

4. A memory system as in claim 1 , wherein said means 
for inhibiting further programming of correctly veri- 
fied cells includes a plurality of latches and means 
for setting individual ones of the latches (721 ) in re- 
sponse to corresponding ones of said plurality of 
addressed cells being verified. 



5. A memory system as in claim 1 , wherein said means 
for verifying on chip the programmed data includes 
means for detecting a parameter related to the 
charge levels of the individual programmed cells, 

5 and means for comparing the parameter detected 

from the individual programmed cells with at least 
one reference parameter related to corresponding 
individual bits of the chunk of data being pro- 
grammed, wherein individual programmed cells are 

10 verified upon said comparison of parameters being 
achieved. 

6. A memory system as in claim 1 , further comprising: 

15 a controller (140) for controlling the operation 

of the memory cells (11 , 13); and 
means for outputting a signal from the chip to 
the controller to indicate that all the plurality of 
addressed cells are verified. 

20 

7. A memory system as in any one of claims 1 to 6, 
wherein the memory cells (11, 13) individually have 
more than two specific states. 

25 8. A memory system as in any one of claims 1 to 6, 
wherein the memory cells (11, 13) individually have 
exactly two specific states. 

9. An electrically erasable and programmable non- 
30 volatile memory system, comprising: 

an integrated circuit array of electrically altera- 
ble memory cells (11, 13); 
an erasing circuit that applies appropriate eras- 
es jng parameters in parallel to an addressed plu- 
rality of cells; 

means (200) for verifying in parallel the state 
into which the addressed plurality of cells are 
erased, 

40 means for inhibiting further erasing of correctly 

verified cells among the plurality of addressed 
cells, and 

means for further erasing and verifying in par- 
allel the plurality of addressed cells and inhib- 
45 jting erasing of correctly verified cells until all 

the plurality of addressed cells are verified cor- 
rectly. 

10. A memory system as in claim 9, which includes at 
50 least one reference memory cell (400), and which 

additionally comprises means for programming said 
at least one reference cell to a reference level (V T1 ), 
and wherein said verifying means includes means 
for reading the reference level of said at least one 
55 re f erence ce || for verifying the erased state. 

11. A memory system as in claim 9, wherein the array 
of electrically alterable memory cells (11, 13) is or- 
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ganized into a plurality of addressable blocks char- 
acterized by the cells of an individual block being 
erasable together, where at least one reference cell 
(400) is included in individual ones of the blocks of 
cells, and said memory system additionally com- 5 2. 
prises means for programming said at least one ref- 
erence cell to a reference level, and wherein said 
verifying means includes means for reading said at 
least one reference level of the reference cell of the 
block when verifying the erased state of cells resid- 10 
ing therein. 

12. A memory system as in claim 9, wherein said means 
for verifying on chip of the erased state includes 
means for detecting a parameter related to the 15 3. 
charge levels of the individual erased cells, and 
means for comparing the parameter detected from 

the individual erased cells with at least one refer- 
ence parameter related to corresponding individual 
bits of the plurality of addressed cells being erased, 20 
wherein individual erased cells are verified upon 
said comparison of parameters being achieved. 

13. A memory system as in claims 9, further comprising 
means for programming the cells in the erased state 25 
to the memory state adjacent the erased state, 
thereby ensuring uniformity of threshold level in 
each of the erased cells and that each cell is subject 

to similar amount of program/erase stress. 

30 

14. A memory system as in any one of claims 9 to 13, 4. 
wherein the memory cells (11, 13) individually have 

more than two specific states. 

15. A memory system as in any one of claims 9 to 13, 35 
wherein the memory cells individually have exactly 
two specific states. 

5. 

Patentanspriiche 40 

1. Elektrisch loschbares und programmierbares, 
nichtfluchtiges Speichersystem, umfassend: 

eine integrierte Schaltungsanordnung elek- 45 
trisch anderbarer Speicherzellen (11, 13); 
eine Programmierschaltung (210), die geeig- 
nete Programmierungsparameter parallel an 
eine adressierte Mehrzahl von Zellen anlegt, 
eine Einrichtung (200) zum parallelen Verifizie- 50 
ren des Zustands, in den die adressierte Mehr- 
zahl von Zellen programmiert ist, 
eine Einrichtung zur Unterbindung einer weite- 6. 
ren Programmierung richtig verifizierter Zellen 
unter der Mehrzahl adressierter Zellen, und 55 
eine Einrichtung zum weiteren Programmieren 
und Verifizieren in paralleler Weise der Mehr- 
zahl adressierter Zellen und zum Unterbinden 



einer Programmierung richtig verifizierter Zel- 
len bis alle der Mehrzahl adressierter Zellen 
richtig verifiziert sind. 

Speichersystem nach Anspruch 1 , das weiterhin 
wenigstens eine Referenzspeicherzelle (400) ent- 
halt und das zusatzlich eine Einrichtung (410) zum 
Programmieren der wenigstens einen Referenzzel- 
le auf einen Referenzwert (V T1 ) aufweist, und bei 
dem die Verifiziereinrichtung eine Einrichtung zum 
Lesendes Referenzwerts der wenigstens einen Re- 
ferenzzelle zum Verifizieren der programmierten 
Daten enthalt. 

Speichersystem nach Anspruch 1 , bei dem die An- 
ordnung elektrisch anderbarer Speicherzellen (11, 
13) in einer Mehrzahl adressierbarer Blocke orga- 
nisiert ist, die dadurch gekennzeichnet sind, daB 
die Zellen eines einzelnen Blocks zusammen losch- 
bar sind, wobei wenigstens eine Referenzzelle 
(400) in einzelnen der Blocke von Zellen enthalten 
ist und das Speichersystem zusatzlich eine Einrich- 
tung (411, 413) zum Programmieren der wenig- 
stens einen Referenzzelle auf einen Referenzwert 
enthalt, und bei dem die Verifiziereinrichtung eine 
Einrichtung zum Lesen des wenigstens einen Re- 
ferenzwerts der Referenzzelle des Blocks enthalt, 
wenn die darin enthaltenen programmierten Daten 
verifiziert werden. 

Speichersystem nach Anspruch 1 , bei dem die Ein- 
richtung zum Unterbinden einer weiteren Program- 
mierung richtig verifizierter Zellen eine Mehrzahl 
von Latch-Gliedern enthalt sowie eine Einrichtung 
zum Setzen einzelner der Latch-Glieder (721) als 
Antwort auf entsprechende der Mehrzahl adressier- 
ter Zellen, die verifiziert werden. 

Speichersystem nach Anspruch 1 , bei dem die Ein- 
richtung zum Verifizieren der programmierten Da- 
ten auf dem Chip eine Einrichtung zur Erfassung 
eines Parameters, der zu den Ladungswerten der 
einzelnen programmierten Zellen in Beziehung 
steht und, eine Einrichtung zum Vergleichen des er- 
faGten Parameters von den einzelnen program- 
mierten Zellen mit wenigstens einem Referenzpa- 
rameter aufweist, der zu entsprechenden einzelnen 
Bits der Menge an Daten, die programmiert werden, 
in Beziehung steht, wobei einzelne programmierte 
Zellen verifiziert werden, sobald der Parameterver- 
gleich vollzogen ist. 

Speichersystem nach Anspruch 1, ferner umfas- 
send: 

einen Controller (140) zur Steuerung des Be- 

triebs der Speicherzellen (11, 13); und 

eine Einrichtung zur Ausgabe eines Signals 
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von dem Chip an den Controller zur Anzeige, 
daR die Mehrzahl adressierter Zellen verifiziert 
ist. 

7. Speichersystem nach irgendeinem der Anspruche 5 
1 bis 6, bei dem die Speicherzellen (11 , 13) einzeln 
mehr als zwei spezielle Zustande aufweisen. 

8. Speichersystem nach irgendeinem der Anspruche 

1 bis 6, bei dem die Speicherzellen (11 , 13) einzeln 10 
genau zwei spezielle Zustande aufweisen. 

9. Elektrisch loschbares und programmierbares, 
nichtfluchtiges Speichersystem, umfassend: 

15 

eine integrierte Schaltungsanordnung elek- 
trisch anderbarer Speicherzellen (11, 13); 
eine Loschschaltung, die geeignete Loschpa- 
rameter parallel an eine adressierte Mehrzahl 
von Zellen anlegt; 20 
eine Einrichtung (700) zum parallelen Verifizie- 
ren des Zustands, in dem die adressierte Mehr- 
zahl von Zellen geloscht ist, 
eine Einrichtung zum Unterbinden eines weite- 
ren Loschens richtig verifizierter Zellen unter 25 
der Mehrzahl adressierter Zellen, und 
eine Einrichtung zum weiteren Loschen und 
Verifizieren in paralleler Weise der Mehrzahl 
adressierter Zellen und zum Unterbinden des 
Loschens richtig verifizierter Zellen bis alle der 30 
Mehrzahl adressierter Zellen richtig verifiziert 
sind. 

10. Speichersystem nach Anspruch 9, das wenigstens 
eine Referenzspeicherzelle (400) enthalt und zu- 35 
satzlich eine Einrichtung zum Programmieren der 
wenigstens einen Referenzzelle auf einen Refe- 
renzwert (V T1 ) aufweist, und bei dem die Verifizier- 
einrichtung eine Einrichtung zum Lesen des Refe- 
renzwerts der wenigstens einen Referenzzelle zum 40 
Verifizieren des geloschten Zustands enthalt. 

11. Speichersystem nach Anspruch 9, bei dem die An- 
ordnung elektrisch anderbarer Speicherzellen (11, 

13) in einer Mehrzahl adressierbarer Blocke orga- 45 
nisiert ist, die dadurch gekennzeichnet sind, daft 
die Zellen eines einzelnen Blocks zusammen losch- 
bar sind, wobei wenigstens eine Referenzzelle 
(400) in einzelnen der Blocke von Zellen enthalten 
ist, und das Speichersystem zusatzlich eine Ein- 50 
richtung zum Programmieren der wenigstens einen 
Referenzzelle auf einen Referenzwert enthalt, und 
wobei die Verifiziereinrichtung eine Einrichtung 
zum Lesen des wenigstens einen Referenzwerts 
der Referenzzelle des Blocks enthalt, wenn der 55 
Loschzustand der darin befindlichen Zellen verifi- 
ziert wird. 



12. Speichersystem nach Anspruch 9, bei dem die Ein- 
richtung zum Verifizieren des geloschten Zustands 
auf dem Chip eine Einrichtung zum Erfassen eines 
Parameters, der mit den Ladungswerten der einzel- 
nen geloschten Zellen in Beziehung steht, und eine 
Einrichtung zum Vergleich des von den einzelnen 
geloschten Zellen erfaBten Parameters mit wenig- 
stens einem Referenzparameter enthalt, welcher 
mit entsprechenden einzelnen Bits der Mehrzahl 
adressierter Zellen, die geloscht werden, in Bezie- 
hung steht, wobei einzelne geloschte Zellen verifi- 
ziert werden, sobald der Parametervergleich vollzo- 
gen ist. 

13. Speichersystem nach Anspruch 9, ferner umfas- 
send eine Einrichtung zum Programmieren der Zel- 
len in dem Loschzustand zu dem Speicherzustand 
neben dem Loschzustand, urn dadurch eine Gleich- 
formigkeit des Schwellenwerts in jeder der gelosch- 
ten Zellen sowie sicherzustellen, daG alle Zellen ei- 
nem ahnlichen Grad an Programm/Loschbean- 
spruchung ausgesetzt werden. 

14. Speichersystem nach irgendeinem der Anspruche 
9bis 13, bei dem die Speicherzellen (11, 13)einzeln 
mehr als zwei spezielle Zustande aufweisen. 

15. Speichersystem nach irgendeinem der Anspruche 
9 bis 13, bei dem die Speicherzellen einzeln genau 
zwei spezielle Zustande aufweisen. 



Revendications 

1. Systeme de memoire morte programmable effaca- 
ble electriquement, comprenant : 

une matrice de circuit integre de cellules de me- 
moire alterable electriquement(11 , 13) ; 
un circuit de programmation (21 0) qui applique 
des parametres de programmation appropries 
en parallele a une pluralite adressee de 
cellules ; 

un moyen (200) permettant de verifier en paral- 
lele I'etat dans lequel la pluralite adressee de 
cellules est programmee, 
un moyen permettant d'inhiber toute autre pro- 
grammation de cellules verifiees correctement 
parmi la pluralite de cellules adressees et, 
un moyen permettant de programmer et verifier 
encore en parallele la pluralite de cellules 
adressees et d'inhiber la programmation des 
cellules verifiees correctement jusqu'a ce que 
la pluralite de cellules adressees soit verifiee 
correctement. 

2. Systeme de memoire selon la revendication 1, qui 
comporte en outre au moins une cellule de memoire 
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de reference (400) et qui comprend de plus un 
moyen (410) permettant de programmer ladite au 
moins une cellule de reference a un niveau de re- 
ference (VT1) et dans lequel ledit moyen de verifi- 
cation comporte un moyen permettant de lire le ni- 
veau de reference de ladite au moins une cellule de 
reference pour verifier les donnees programmees. 

3. Systeme de memoire selon la revendication 1 , dans 
lequel la matrice de cellules de memoire alterable 
electriquement (11, 1 3) est organisee en une plura- 
lity de blocs adressables caracterises par les cel- 
lules d'un bloc individuel effacables ensemble, dans 
lequel au moins une cellule de reference (400) est 
incluse dans les blocs individuels des blocs de cel- 
lules et ledit systeme de memoire comprend de plus 
un moyen (411,413) permettant de programmer la- 
dite au moins une cellule de reference a un niveau 
de reference etdans lequel ledit moyen de verifica- 
tion comporte un moyen permettant de lire ledit au 
moins un niveau de reference de la cellule de refe- 
rence du bloc lors de la verification des donnees 
programmees qui s'y trouvent. 

4. Systeme de memoire selon la revendication 1 , dans 
lequel ledit moyen permettant d'inhiber une autre 
programmation des cellules correctement verifiees 
comporte une pluralite de verrous et un moyen per- 
mettant de definir des verrous individuels parmi les 
verrous (721) en reponse aux cellules correspon- 
dantes de ladite pluralite de cellules correspondan- 
tes verifiees. 

5. Systeme de memoire selon la revendication 1 , dans 
lequel ledit moyen permettant de verifier sur la puce 
les donnees programmees comporte un moyen 
permettant de detecter un parametre lie aux ni- 
veaux de charge des cellules programmees indivi- 
duelles et un moyen permettant de comparer le pa- 
rametre detecte a partir des cellules programmees 
individuelles a un au moins un parametre de refe- 
rence lie aux bits individuels correspondants de la 
tranche de donnees en cours de programmation, 
dans lequel les cellules programmees individuelles 
sont verifiees une fois ladite comparaison de para- 
metres terminee. 

6. Systeme de memoire selon la revendication 1 , com- 
prenant en outre : 

un controleur (140) permettant de commander 
le fonctionnement des cellules de memoire (11 , 
13) ; et 

un moyen permettant de sortir un signal de la 
puce etde I'envoyerau controleur pour indiquer 
que toutes les cellules de la pluralite de cellules 
adressees sont verifiees. 



7. Systeme de memoire selon Tune quelconque des 
revendications 1 a 6, dans lequel les cellules de me- 
moire (11, 13) presentent individuellement plus de 
deux etats specifiques. 

5 

8. Systeme de memoire selon Tune quelconque des 
revendications 1 a 6, dans lequel les cellules de me- 
moire (11, 13) presentent individuellement exacte- 
ment deux etats specifiques. 

10 

9. Systeme de memoire morte programmable effaca- 
ble electriquement, comprenant : 

une matrice de circuit integre de cellules de me- 
15 moire alterable electriquement (11, 13) ; 

un circuit d'effacement qui applique des para- 
metres d'effacement appropries en parallele a 
une pluralite adressee de cellules ; 
un moyen (700) permettant de verifier en paral- 
20 lele I'etat dans lequel la pluralite adressee de 

cellules est effacee, 

un moyen permettant d'inhiber un autre efface- 
ment de cellules verifiees correctement parmi 
la pluralite de cellules adressees, et 
25 un moyen permettant encore d'effacer et de ve- 

rifier en parallele la pluralite de cellules adres- 
sees et d'inhiber I'effacement des cellules cor- 
rectement verifiees jusqu'a ce que la pluralite 
de cellules adressees soit verifiee correcte- 
30 ment. 

10. Systeme de memoire selon la revendication 9, qui 
comporte au moins une cellule de memoire de re- 
ference (400) et qui comprend de plus un moyen 

35 permettant de programmer ladite au moins une cel- 
lule de reference a un niveau de reference (VT1 ) et 
dans lequel ledit moyen de verification comporte un 
moyen permettant de lire le niveau de reference de 
ladite au moins une cellule de reference pour veri- 
40 fjer I'etat efface. 

1 1 . Systeme de memoire selon la revendication 9, dans 
lequel la matrice de cellules de memoire alterable 
electriquement (11, 1 3) est organisee en une plura- 
ls Nte de blocs adressables caracterises par les cel- 
lules d'un bloc individuel effacables ensemble, dans 
lequel au moins une cellule de reference (400) est 
incluse dans les blocs individuels des blocs de cel- 
lules et ledit systeme de memoire comprend de plus 

50 un moyen permettant de programmer ladite au 
moins une cellule de reference a un niveau de re- 
ference et dans lequel ledit moyen de verification 
comporte un moyen permettant de lire ledit au 
moins un niveau de reference de la cellule de refe- 

55 rence du bloc lors de la verification des donnees 
programmees qui s'y trouvent. 

1 2. Systeme de memoire selon la revendication 9, dans 
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lequel ledit moyen permettant de verifier sur la puce 
I'etat efface comporte un moyen permettant de de- 
tecter un parametre lie aux niveaux de charge de 
cellules programmees individuelles et un moyen 
permettant de comparer le parametre detecte a par- 5 
tir des cellules programmees individuelles a un au 
moins un parametre de reference lie aux bits indi- 
viduels correspondants de la pluralite de cellules 
adressees en cours d'effacement, dans lequel les 
cellules effacees individuelles sont verifiees une 10 
fois ladite comparaison de parametres terminee. 

13. Systeme de memoire selon larevendication 9,com- 
prenant en outre un moyen permettant de program- 
mer les cellules se trouvant dans I'etat efface dans 15 
I'etat de memoire adjacent a I'etat efface, afin de 
garantir ainsi I'uniformite du niveau de seuil dans 
chacune des cellules effacees et que chaque cellule 

est soumise a une quantite similaire de contrainte 

de programmation/effacement. 20 

14. Systeme de memoire selon I'une quelconque des 
revendications 9 a 13, dans lequel les cellules de 
memoire (11, 13) presentent individuellement plus 

de deux etats specifiques. 25 

15. Systeme de memoire selon I'une quelconque des 
revendications 9 a 13, dans lequel les cellules de 
memoire presentent individuellement exactement 
deux etats specifiques. 30 
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